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Dear Mr. Conrad: 

SUBJECT: 	Swamp Delineation Sampling, Phases V and VI, Naval Construction Battalion 
Center (NCBC), Gulfport, Mississippi 
Contract No. N62467-89-D0317/128 

INTRODUCTION 

This letter report presents the results of activities conducted to complete the surface water and sediment 
dioxin delineation within the area north of NCBC Gulfport associated with Outfall 3 Swamp and Turkey 
Creek. The phases of sampling discussed in this report continued and completed work initiated during the 
Surface Water and Sediment study in 1997 (ABB Environmental Services, Inc. [ABB-ES], 1998). The 
study area included in this report is the final 3,600 feet of the southern branch of Turkey Creek prior to 
the confluence with the main branch of Turkey Creek. 

Phases V and VI took place in December 1998 and February 1999, respectively. This report focuses on 
the Phase V and Phase VI sampling events, but also builds on results and conclusions developed during 
the previous investigations of the swamp. 

BACKGROUND 

The Outfall 3 Swamp was first identified as a potential receptor of dioxin-contaminated sediment from 
Site 8 during the Basewide Groundwater, Surface Water, and Sediment Sampling program (ABB-ES, 
1996a). During that investigation, mapping of the primary drainage ditch exiting Site 8 showed that 
surface water and sediment was transported through the ditch to the northwest, eventually exiting the base 
at Outfall 3 North. Outfall 3 North conveyed surface water and sediment directly into the swamp until the 
fall of 1995, when drainage alterations associated with the 28th  Street roadway improvement project were 
completed. Flow from Outfall 3 is now diverted directly to Canal No. 1 (ABB-ES, 1996b). 

The Outfall 3 Swamp is located off base on a privately owned 35-acre parcel (Attachment A, Plate 1). An 
old drainage ditch excavated to convey surface water through the Outfall 3 Swamp area extends 
approximately 1,800 feet from Outfall 3 northwestward to a culvert under Canal Road. Flow from this 
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culvert discharges into Canal No. 1. The surface topography of the area adjacent to this old drainage 
ditch or main channel is relatively level, prone to flooding, and densely vegetated. 

Surface water at the north end of the Base is primarily conveyed under Canal Road into Canal No. 1. 
However, the north end of the ditch also intersects a natural drainage feature just east of the Canal Road 
culvert and trends to the east-northeast. This natural drainageway appears to be associated with the 
southern branch of Turkey Creek. This section of the southern branch does receive flow from the Outfall 
3 Swamp during periods of flooding. The southern branch of Turkey Creek continues to the northeast 
(Attachment A, Plate 1) until the confluence with the main branch of Turkey Creek. 

In total, there have been six sampling phases in the swamp. The first two phases, which broadly focused 
on basewide dioxin-contamination concerns, included delineation of the extent of contamination in the 
sediments of the channel in the Outfall 3 Swamp. The third phase, conducted in February 1998, 
concentrated on lateral delineation adjacent to and extending outward from the Outfall 3 Swamp's main 
channel. The fourth phase conducted in June 1998 was designed to delineate the extent of dioxin 
contamination in the southern branch of Turkey Creek on a limited scope of 25 samples. Those 25 
samples could only effectively define the linear and lateral extent of dioxin in the southern branch of 
Turkey Creek for another approximate 1,000 linear feet of swamp. Phases V and VI completed the 
delineation of the southern branch of Turkey Creek to the confluence of the main channel of Turkey 
Creek. Sample locations in reports prior to this one were placed using either a Brunton compass or 
handheld Geographic Information System (GIS). For this report, all swamp sample locations and the 
channel centerline were located by a licensed civil surveyor. 

The Phases III and IV Swamp Delineation Sampling Letter Report thoroughly covers the sampling 
strategies and results from the first four sampling events and is included as Attachment B. The following 
sections present the results of the final Phases (V and VI) of sampling in the southern branch of Turkey 
Creek. 

Two important updates to the Phases III and IV report have taken place since the addition of new data. 
First, the limit of delineation was lowered to 25 parts per trillion (ppt) from 30 ppt based on Phases V and 
VI sample results. The other major change is the volume calculation presented at the end of the Phases III 
and IV report (Attachment B). This volume estimation was based on incomplete delineation data and is 
likely to change given more accurate survey data and completed delineation activities. 

GOALS 

The goals for conducting Phase V and Phase VI sediment sampling in Turkey Creek were to: 

• define the horizontal and vertical limits of dioxin contamination in the swamp from the last Phase IV 
location (WL065) to the first confirmed Phase I Turkey Creek sample below 4.3 ppt (TC005) to a 
level of 25 ppt; 

• assess the distribution of congeners to determine the potential source(s) of dioxins in the swamp; and 

• refine the conceptual model pertaining to the Outfall 3 Swamp and southern branch of Turkey Creek 
to support restoration and/or risk-based decisions. 

The following section describes the sampling strategy and objectives developed to meet these goals. 

• 
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0 SAMPLING STRATEGY 

The sampling strategy for Phases V and VI samples included (1) conduct field identification and mapping 
of the channels; (2) field identification and mapping of the maximum possible extent that dioxin-
contaminated sediment could have been transported; and (3) collection of a sufficient number of samples 
to confirm the delineation established by the field mapping to a level of 25 ppt. The following section 
discusses these components in greater detail. This effort was divided into two phases to limit the number 
of samples during the investigation. Phase V focused on delineating the linear extent of dioxin 
contamination in and near the channel of the southern branch of Turkey Creek. Phase VI assessed the 
lateral extent of dioxin contamination in the area of potential contamination determined in Phase V. 

Site Reconnaissance/Survey.  The site reconnaissance and survey included the following activities. 

Examination of black and white aerial and infrared aerial photography to determine the location of 
important streams. 

Evaluating the hydraulic connection(s) between the main channel and secondary channels and/or 
between the main channel and flood areas; 

Assessing flow directions that exist in the channels based on field observations of soil type, surface 
geomorphology and hydrology, as well as on evidence of depositional debris (leaves, pine needles, 
miscellaneous trash) piles. This field assessment also included the possibility that flow directions may 
differ between high-flow and low-flow conditions. • 	Estimating the most probable limits of dioxin-contaminated deposition based on the above observations. 

And as a final activity, conducting a relational survey using a global positioning system receiver and 
sonic range finders. 

Refined Conceptual Model.  The process of refining the conceptual model included the following: 

evaluation of black and white aerial photography and infrared aerial photography to determine the flow 
directions and migration pathways of hydraulically connected streams in the southern branch of Turkey 
Creek and main branch of Turkey Creek; 

assessing which probable or possible transport mechanisms influenced movement of potentially 
contaminated sediment; 

determining which migration pathways may have received and "channeled" these potentially 
contaminated sediments and after analysis of the survey observations; and 

developing a conceptual understanding of the migration pathways and area(s) of possible dioxin 
deposition. 

Sample Selection Process.  The final sample selection process was based on the refined conceptual 
model discussed above. Specifically, this process included the following: 

. 	selecting sample locations around the areas of possible contamination to support evaluation of the • 	horizontal extent of dioxin-containing sediments; 
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positioning sample locations in selected channel locations to characterize maximum contaminant levels, 
as well as to collect congener distribution data; and 

• selecting locations for a vertical profile of soil types and depositional environments to support evaluation 
of vertical distribution of dioxin. 

All surface water and sediment samples were then collected from these conceptual model-based locations 
and analyzed for dioxins and furans using U.S. Environmental Protection Agency Method 8290. 

These three components of the overall sampling strategy were implemented for these phases of sampling 
in the branches of Turkey Creek. Discussion of the observations and findings associated with the 
implementation of these components is provided below. 

PHASE V FIELD EFFORT 

The following discussion describes the activities conducted as part of the Phase V investigation. All 
previous phases are described in detail in the Phases III and IV report in Attachment B. 

Phase V activities were conducted between December 11 and December 14, 1998. As described in the 
Sampling Strategy section above, Phase V activities included (1) site reconnaissance and survey, (2) 
refining the conceptual model, and (3) sample location and collection to determine the linear extent of 
contamination to 25 ppt. Vertical delineation is performed at each sampling location by determining the 
depositional horizon of potential dioxin deposition. 

Site Reconnaissance and Survey. Prior to the initiation of fieldwork, black and white stereopairs and 
infrared aerial photography were examined to determine the location and direction of important streams. 
The results of this examination showed that the southern branch of Turkey Creek continued on a N60E to 
N80E trend from Phase IV sample location WL065 for 800 to 1,000 feet before turning on a more 
northerly trend for another 2,000 to 2,400 feet towards the main branch of Turkey Creek (Attachment A, 
Plate 1). 

The initial phase of field work focused on assessing flow directions in the channels, field observations of 
soil type, surface geomorphology and hydrology, as well as evidence of depositional debris (leaves, pine 
needles, miscellaneous trash) piles. The channel of the southern branch of Turkey Creek was less defined 
in the Phase V study area than in previous phases. Multiple or braided channels were observed 
throughout a significant part of the study area. The southern branch of Turkey Creek supports flow only 
during periods of heavy precipitation. Collectively, the channels are shallow and encompass an area 50 to 
150 feet wide. The flow in the channel is to the east and northeast, as indicated by the patterns of 
deposition of surface debris material. Field mapping confirmed that three main levels or terraces exist in 
the swamp. These terraces are an important feature in the swamp because they limit the horizontal 
deposition of dioxin-contaminated sediment. 

Terrace 1  — Terrace 1 is at the lowest elevation, or level, of this section of the former southern 
branch. This lowest terrace forms the main channel. The soil's surface consisted mainly of 
organic rich silts and clays (muck) up to 18 inches thick. Soils become increasingly sandy below 
18 inches. This terrace supports very little understory vegetation due to frequent flooding and 
poor drainage. This terrace was identified to be the most likely to contain significant levels of 
dioxin contamination. The soils of this terrace correlate to the Ponzer Series (Soil Conservation 
Service [SCS], 1975). 

• 

• 
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Terrace 2  — Terrace 2 forms a margin that surrounds the Terrace 1 main channel(s), but at 
elevations slightly higher than Terrace 1. The organic rich surface soil layer is thinner and 
contains some sand. This terrace supports more understory vegetation, which is the key to 
visually distinguishing Terrace 1 from Terrace 2. If dioxin is present in Terrace 1, then Terrace 2 
potentially contains dioxin-contaminated deposits associated with storm events. The soils of this 
terrace correlate to the Smithton Series (SCS, 1975). 

Terrace 3  — Terrace 3 occurs along the highest elevations in the study area. The soils are well-
drained, dark brown, fine to medium sands that support abundant understory vegetation. These 
coarser grained soils were the main distinguishing feature between this terrace and Terrace 2. 
The boundary between Terraces 2 and 3 most likely limits the extent of dioxin deposition. 
Flooding of the main channel is the most likely transport mechanism if dioxin contamination is 
present. The soils of this terrace correlate to the Poarch Series (SCS, 1975). 

The southern branch of Turkey Creek was then initially surveyed using compass and electronic range 
finders to develop a map that contained approximate orientation and length of the southern branch of 
Turkey Creek in the study area. 

Finally, a relational survey was conducted using a Garmin0 12-channel receiver to refine and confirm the 
field mapping. 

Conceptual-Model Refinement.  The most likely source area for the dioxins observed in the swamp are 
herbicide orange (HO) from Site 8. This is based on the chain of dioxin-containing sample results and the 
high ratios (greater than 60 percent) of TCDD, obtained from previous phases and, as discussed below in 
this report, supported by recent results. 

The established migration pathways include the HO ditch (Attachment A, Plate 1) from Site 8 to the 
drainage channel in the Outfall 3 Swamp. From the Outfall 3 Swamp, a small channel conveys surface 
water and sediment into the southern branch of Turkey Creek. 

Based on the size and depth of the debris observed in the Outfall 3 Swamp and the southern branch of 
Turkey Creek, the primary transport mechanism of dioxin-contaminated sediments are the high surface 
water velocities associated with large storm events. These storm events are responsible for the 
downstream migration of dioxin-contaminated sediments, as well as the lateral extent/overbank 
deposition of these sediments. 

While the transport of dioxin-contaminated sediments were most likely associated with storm event flow, 
the deposition of these sediments was likely influenced by the elevation changes associated with the three 
terraces. The depositional patterns observed were the key to assessing dioxin-contaminated sediments. 

The braided pattern of channels occurred within a zone of lower elevation in Terrace 1 and Terrace 2 soil 
ranging from 50 to 150 feet wide. During periods of precipitation, the dominant channel was identified 
and surveyed throughout the study area. Depositional indicators such as pine needles and refuse were 
also used to identify the dominant channel. 

Sample Selection.  The selection of Phase V samples needed to incorporate two objectives: (1) 
determining the linear extent of dioxin contamination down to 25 ppt and (2) collecting samples from 
locations most likely to contain dioxin. Information from the reconnaissance and survey was used to 
determine the total linear extent of the southern branch of Turkey Creek, and the field work used to refine 

• 
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the conceptual model was used to determine channels likely to contain dioxin, if it was available in the 
bedload. 

Ten samples were evenly spaced (approximately 400 feet on the center) in the dominant channel between 
WL065 and the main branch of Turkey Creek. This spacing was selected to provide an approximate 
maximum extent (linear) of dioxin contamination in the dominant channel of the southern branch of 
Turkey Creek plus or minus 200 feet. This number of Phase V samples provided a level of precision so 
that enough Phase VI samples would remain to delineate overbank (lateral) dioxin-deposition plus or 
minus 50 feet. Continuing the sample numbering convention from all previous phases, Phase V samples 
were identified as WL067 through WL076 and marked in the field using surveyor pin flags. 

PHASE V SAMPLE RESULTS AND CONCLUSIONS 

The results of the 10 Phase V samples are shown on Plate 1 (Attachment A). A significant drop in dioxin 
levels occurs between WL068 (60.1 ppt) and WL069 (3.1 ppt) and the levels do not increase above 10 ppt 
downstream. 	Table 1 (Attachment C) summarizes Phase V sample results as well as 
tetrachlorodibenzodioxin (TCDD) toxicity equivalent (TEQ) ratios. The complete results tables are 
included in Attachment D. The average TCDD/TEQ ratio (in samples that had reportable TCDD levels) 
in Phase V samples is 65 percent — meaning that TCDD contributes 65 percent of the total dioxin 
equivalency. Such a high percentage of TCDD is a strong indication that the source of these dioxins is 
HO. 

Based on the dioxin levels in sediment dropping below 25 ppt between samples WL068 and WL069, 
lateral delineation activities (Phase VI) would be required for about 1000 feet of linear channel between • 	WL065 and WL069 (Attachment A, Plate 1). Lateral delineation was the objective of Phase VI sampling. 

The vertical extent of dioxin contamination was determined by soil profiling. Soil profiles clearly show a 
horizon between older (pre-swamp) fine sands and newer swamp-related deposits. Previous off-site 
analytical results have proven this horizon to be an accurate indicator of the vertical extent of 
contamination. Phase V profiling indicated that the potential vertical extent within the main channels 
(Terrace 1) is approximately 24 inches. 

Given the size of the Phase V study area, the area that required lateral delineation in Phase VI is relatively 
small. Following consultation with Southern Division, eight samples were scheduled for Phase VI 
delineation and three additional samples were planned for drainageways in the complex northern part of 
the study area. 

PHASE VI FIELD EFFORT 

The following discussion describes the activities conducted as part of the Phase VI investigation. All 
previous phases are described in detail in Attachment B. 

Phase VI activities were conducted between March 16 and March 20, 1999. As described in the 
Sampling Strategy section earlier, Phase VI activities included (1) site reconnaissance and survey, (2) 
refining the conceptual model, and (3) sample location and collection to determine the lateral extent of 
contamination to 25 ppt. 

Site Reconnaissance and Survey. While the location and orientation of the southern branch of Turkey • 	Creek was determined in Phase V, the width of the drainageway, including the estimate of maximum 
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potential lateral deposition, as marked by the transition from Terraces 1 and 2 to Terrace 3 (see terrace 
discussion in Phases III and IV Site Reconnaissance in Attachment B) still needed to be performed. 

The extent of lateral deposition was initially assessed in early March using false color infrared aerial 
photography. The first infrared photographs were sent for enlargement following Phase V to focus in on 
the southern branch of Turkey Creek. — 

With this new aerial photographic data, field mapping of the area between samples WL065 and WL069 
began on March 16, 1999. The method used to map the maximum lateral extent was to have one person 
walk the center of the main channel and another person mark the transition from Terrace 2 to Terrace 3. 
Distance and bearing data from the center of the main channel to Terrace 3 was collected every 60 to 100 
feet. Then, a relational survey was conducted using a Garmin© 12-channel receiver to refine and confirm 
the field mapping. 

Additionally, it was discovered that the flow direction of the main branch of Turkey Creek diverges to the 
east and the west at the confluence with the southern branch of Turkey Creek. The reversal of flow in the 
main branch of Turkey Creek is likely caused by the much lower elevation to which the Turkey Creek 
Canal was excavated. 

A civil survey was conducted following Phase VI activities to locate the center of the main channel of the 
southern branch of Turkey Creek, and all sample locations are shown on Plates 1 and 2 (Attachment A). 

Conceptual Model Refinement. 	The source, transportation, and deposition of dioxin-contaminated 
sediment was well understood by the time Phase VI activities commenced. Conceptual model refinement 
in this phase focused on gaining an understanding of the drop in dioxin levels in sediment between 
samples WL068 and WL069. 

Based on the field mapping and civil survey conducted in the southern branch of Turkey Creek, the 
decline in dioxin levels in sediment is due to the formation of a large basin between samples WL067 and 
WL069. Within this basin, the channel widens and the surface water increases in depth. These factors 
aid in reducing the energy in the surface water as it moves through this basin and promotes the deposition 
of sediment. The center channel elevations determined during the civil survey confirmed that this area is 
a basin (Attachment A, Plate 1). Elevations in the main channel drop from 16.1 feet mean seal level (msl) 
at WL067 to 15.4 feet msl before rising to 16.7 feet msl near WL069. A basin of the size relative to the 
size of the southern branch of Turkey Creek will reduce the ability of storm events to scour contaminated 
sediment and redeposit it downstream. 

Sample Selection.  Sample locations were placed on either side of the maximum lateral deposition line 
established during the site reconnaissance. Sample locations outside of the deposition line are delineation 
samples, while samples collected inside the deposition line are characterization samples. Six samples 
were designated delineation samples: WL077, WL079, WL080, WL081, WL082, and WL084. These six 
samples were expected to contain less than 25 ppt dioxin. Two samples were designated characterization 
samples: WL078 and WL083. These characterization samples were collected to assess the levels of 
dioxin that exists outside of the main channel. 

Also, three samples were located in the main branch of Turkey Creek because of the complex flow 
directions observed during the reconnaissance. These samples were designated WL085, WL086, and 
WL087. These samples were located in the channel of the main branch of Turkey Creek and were not 
expected to contain dioxin levels above 25 ppt. 

• 
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• PHASE VI SAMPLE RESULTS AND CONCLUSIONS 

The results of the Phase VI sampling confirmed that the maximum deposition line was accurate 
(Attachment C, Table 2). The characterization samples confirmed that levels of dioxin above 25 ppt exist 
outside of the main channel. The three samples collected in the main branch of Turkey Creek were all 
below 10 ppt. 

The delineation sample results were all less than 10.4 ppt (WL079), and the characterization sample 
results were 16.8 ppt (WL078) and 30.8 ppt (WL083). Regardless of the level of dioxin observed, the 
TCDD/TEQ ratios remained near 65 percent, which still confirms the source as HO. 

Vertical soil profiling indicates that dioxin contamination extends approximately 12 inches deep outside 
of the main channel (Terrace 2). 

The delineation line established through field mapping and confirmatory sampling for all phases of work 
in the swamp is shown on Plate 1 (Attachment A). As stated earlier, this line of delineation marks the 
approximate boundary of dioxin contamination in the sediment above 25 ppt. Plate 2 (Attachment A) 
again displays the delineation line, but it is overlaying the false color infrared aerial to show how the 
imagery aided the investigation. 

CONCLUSIONS 

The delineation activities in the Outfall 3 Swamp and the southern branch of Turkey Creek are complete. 
The linear, lateral and vertical extent of dioxin contamination in sediment has been assessed to a level of 
25 ppt. The delineation line shown on Plates 1 and 2 (Attachment A) closely follows the significant 
change in depositional patterns observed in the field and described in this report as the transition from 
Terrace 2 to Terrace 3. The depth of the contamination, determined by soil profiling, was observed to be 
approximately 24 inches within the main channels and approximately 12 inches thick outside of the 
channels. 

The linear extent of dioxin contamination in the sediment from Outfall 3 to WL069 is approximately 
4,000 feet. Dioxin concentrations in samples collected during Phases V and VI beyond 3,000 feet 
downstream are significantly lower than the samples collected in the channel centerline during previous 
sampling events. During these previous events, samples were collected from Outfall 3 to approximately 
3,000 feet downstream of Outfall 3. This indicates that migration of dioxin is much reduced beyond 
3,000 feet downstream of Outfall 3. The width of the area of contamination above 25 ppt, gradually 
narrows from nearly 200 feet in the Outfall 3 Swamp to less than 80 feet in the Phase VI part of the 
southern branch of Turkey Creek. 

Based on the new survey information and the complete line of delineation, a preliminary estimate of the 
volume of sediment contaminated above 25 ppt has been calculated. The earlier calculation for just the 
Outfall 3 Swamp area was confirmed at approximately 13,000 cubic yards. With the new delineation 
information, the estimate for the southern branch of Turkey Creek is approximately 10,000 cubic yards. 
Combined, these areas could contain approximately 23,000 cubic yards of dioxin-contaminated sediment 
above 25 ppt, as compared to the total estimate of 18,400 cubic yards from the Phases III and IV report. 
Again, these numbers are a preliminary estimate and are included in this report to provide the scale of the 
contamination included in the study area. 
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0 RECOMMENDATIONS 

Since the line of delineation has been established for both the Outfall 3 Swamp and the southern branch of 
Turkey Creek, it may be time to consider engineering controls to prevent migration of the contaminated 
sediment any further. The installation of a sediment trap near WL069 would aid in preventing the 
migration of contaminated sediment in the event of a large tropical storm. 

Finally, a more accurate determination of the volume of contaminated sediment should be conducted prior 
to any final remedial decisions. Such analysis would likely require a more precise elevation survey of the 
areas outside of the main channels. 

Sincerely, 

HARDING ESE, INC. 

Penny Baxter, P.G. 
Project Manager 

cc: Gordon Crane, NCBC Gulfport 

—[02540=081]--------  -- • 	Attachments: 
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References 
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December 15, 1998 

Southern Division 
Naval Facilities Engineering Command 
ATTN: Arthur Conrad 
P.O. Box 190010 
2155 Eagle Drive 
North Charleston, SC 29418 

Dear Mr. Conrad: 

SUBJECT: 	Swamp Delineation Sampling, Phases III and IV, Naval Construction Battalion 
Center (NCBC), Gulfport, Mississippi 
Contract No. N62467-89-D0317/128 

INTRODUCTION • This letter report presents the results of activities conducted to continue the surface-water and sediment 
dioxin delineation within the area north of NCBC Gulfport associated with the Outfall 3 Swamp. Results 
of the Phase I/Phase II Surface Water and Sediment Delineation Investigation activities indicated that an 
additional investigation was required to complete delineation of dioxin contamination within the Outfall 3 
Swamp area (ABB Environmental Services, Inc. [ABB-ES], 1998). The extent of dioxin-contaminated 
sediment within the swamp was found to be more widespread than anticipated. Contamination extends into 
a shallow drainage feature which is believed to be associated with the southern branch of Turkey Creek. 
Variations in the drainage features within the swamp area, combined with past flooding, are most likely 
responsible for this extended area of contamination. 

This report focuses on the February 1998 (Phase III) and June 1998 (Phase IV) sampling events, but also 
builds on conclusions developed during the previous two phases of the swamp surface water and sediment 
sampling activities. 

BACKGROUND 

The Outfall 3 Swamp was first identified as a potential receptor of dioxin-contaminated sediment from Site 
8 during the Basewide Surface Water Sediment Sampling program (ABB-ES, 1996a). During that 
investigation, mapping of the primary drainage ditch exiting Site 8 - now called the herbicide orange (HO) 
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ditch — showed that surface water and sediment was transported through the ditch to the northwest, 
eventually exiting the base at Outfall 3 North (Figure 1). Outfall 3 North conveyed surface water and 
sediment directly into the swamp until the fall of 1995, when drainage alterations associated with the 28th  
Street roadway improvement project were completed. Flow from Outfall 3 is now diverted directly to 
Canal No. 1 (ABB-ES, 1996b). 

• 
The Outfall 3 Swamp is located off base on a privately-owned 35-acre parcel (Figure 1). An old drainage 
ditch excavated to convey surface water through the swamp area extends approximately 1,800 feet from 
Outfall 3 northwestward to a culvert under Canal Road. Flow from this culvert discharges into Canal No. 
1. The surface topography of the area adjacent to this old drainage ditch or main channel is relatively 
level, prone to flooding, and densely vegetated. 

Surface water at the north end of the swamp is primarily conveyed under Canal Road into Canal No. 1. 
However, the north end of the ditch also intersects a natural drainage feature just east of the Canal Road 
culvert and trends to the east-northeast. This natural drainageway appears to be associated with the 
southern branch of Turkey Creek. This section of the southern branch does apparently receive flow from 
the Outfall 3 Swamp during periods of flooding. West of Canal Road, the southern branch was reportedly 
filled in many years ago during previous drainage-improvement activities. The area that surrounds this 
drainage feature is also relatively level, prone to flooding, and densely vegetated. 

In total, there have been four sampling phases in the swamp. The first two phases, which broadly focused 
on basewide dioxin-contamination concerns, included delineation of the extent of contamination in the 
sediments in the Outfall 3 Swamp. The third phase, conducted in February 1998, concentrated on lateral 
delineation adjacent to and extending outward from the swamp's main channel. The fourth phase 
conducted in June 1998 was designed to delineate the extent of dioxin contamination in the southern branch 
of Turkey Creek. The following sections assimilate findings and conclusions from these four sampling 
phases into one document. 

OBJECTIVES 

The primary objectives in conducting sediment sampling in the Outfall 3 Swamp and southern branch of 
Turkey Creek were to 

• define the horizontal and vertical limits of dioxin contamination in the swamp; 

• assess the distribution of congeners to determine the potential source(s) of dioxins in the swamp; and 

• refine the conceptual model pertaining to the Outfall 3 Swamp and southern branch of Turkey Creek to 
support restoration and/or risk-based decisions. 

The following section describes the sampling strategy developed to meet these objectives. 

SAMPLING STRATEGY 

The strategy developed for both areas in the swamp (Phases III and IV) included development and/or 
implementation of three components. These were (1) a site reconnaissance/survey, (2) refinement of the 
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• conceptual model, and (3) conceptual model-based selection of the sample locations. The following 
discusses these components in greater detail. 

Site Reconnaissance/Survey. The site reconnaissance and survey included the following activities: 

▪ 	

evaluating the hydraulic connection(s) between the main channel and secondary channels and/or 
between the main channel and flood areas; 

• 	

assessing flow directions that exist in the channels based on field observations of soil type, surface 
geomorphology and hydrology, as well as on evidence of depositional debris (leaves, pine needles, 
miscellaneous trash) piles. This field assessment also included the possibility that flow directions may 
differ between high-flow and low-flow conditions; 

• 	

estimating the most-probable limits of dioxin-contaminated deposition based on the above 
observations; and as a final activity, 

. conducting a relational survey using a global positioning system (GPS) receiver and sonic range 
finders. 

Refined Conceptual Model.  The process of refining the conceptual model included the following: 

assessing which probable or possible transport mechanisms influenced movement of potentially 
contaminated sediment; 

• determining which migration pathways may have received and "channeled" these potentially 
contaminated sediments; and after analysis of the survey observations; and 

developing a conceptual understanding of the migration pathways and area(s) of possible dioxin 
deposition. 

Sample Selection Process.  The final sample selection process was based on the refined conceptual model 
discussed above. Specifically, this process included the following: 

• selecting sample locations around the areas of possible contamination to support evaluation of the 
horizontal extent of dioxin-containing sediments; 

• positioning sample locations in selected channel locations to characterize maximum-contaminant 
levels, as well as collect congener distribution data; and 

• selecting locations for a vertical profile of soil types and depositional environments to support 
evaluation of vertical distribution of dioxin. 

All surface water and sediment samples were then collected from these conceptual model-based locations 
and analyzed for dioxins and furans using U.S. Environmental Protection Agency Method 8290. 

• 
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These three components of the overall sampling strategy were implemented for both the Outfall 3 Swamp 
and the drainage feature associated with the southern branch of Turkey Creek. Discussion of the 
observations and findings associated with implementation of these components is provided below. 

FIELD EFFORT  

As previously discussed, the field effort that focused on the swamp area was conducted in two phases 
(Phases HI and IV). The findings and observations of these efforts are divided into two parts: (1) the 
results of the delineation in the Outfall 3 Swamp, and (2) the results of the delineation activities in the 
southern branch of Turkey Creek. The following section describes the activities conducted during Phase 
HI at the Outfall 3 Swamp. Description of the activities associated with the southern branch of Turkey 
Creek conducted during Phase IV follows the section covering Phase III. 

Outfall 3 Swamp (Phase III) Activities.  Analytical results from previous sampling activities (Phase II, 
October 1997) indicated that dioxin had been deposited as overbank deposits along the main channel of 
Outfall 3 Swamp. Two samples, WL009 and WL010, from the Phase II activities indicated that the linear 
extent (in-channel deposits) of dioxin contamination declined significantly downstream of sample location 
WL008. Also, surface water from a small channel that connects the main channel of the Outfall 3 Swamp 
and the southern branch of Turkey Creek was observed to flow into the main channel of the swamp. 
Therefore, the Phase III activities concentrated on delineating dioxin contamination adjacent to and 
extending laterally from the main channel of the Outfall 3 Swamp. 

Site Reconnaissance/Survey Since the main channel in the Outfall 3 Swamp was manmade, there were no 
obvious natural floodplains available for mapping. Therefore, defining contaminant-migration pathways 
and areas of potential contamination, caused by flood-stage deposition, required the use of other indicators. 

Early observations during the reconnaissance/survey efforts indicated that depositional patterns of 
miscellaneous debris (i.e., trash, twigs, and pine needles) may provide clues to the relative limits of flood-
stage transgression. Conceptually, the most probable transport mechanism of dioxin-contaminated 
sediments in this swamp area adjacent to the main channel is due either to (1) past flooding originating 
from a breach in the channel's berm/levee or (2) simply overbank flooding where no levee exists. Flood-
stage transgression, which create the migration pathways extending outward, most likely represent limits 
of, or extent of, potentially contaminated sediment. Possible migration pathways based on surface debris 
observations indicated by a change from an orderly pattern — indicative of surface water transportation 
prior to deposition — to a randomly dispersed pattern — very little surface water movement prior to 
deposition — were located. Observations of soil characteristics in the Outfall 3 Swamp did not detect any 
significant changes that could be used as an indicator of depositional extent. 

The locations of the probable migration pathways, inferred from the debris patterns, were surveyed using 
range finder/compass and a GPS receiver (Figure 2). The lateral extent of this line from the main channel 
is in excess of 150 feet at some locations. The transport of debris materials and sediment that far into the 
Outfall 3 Swamp most likely occurred during heavy-precipitation/storm events when the swamp still 
received surface water from the base via Outfall 3 (pre-1995). 
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Conceptual Model — Outfall 3 Swamp The most likely source area for the dioxins observed in the 
swamp are HO from Site 8. This is based on the chain of dioxin-containing sample results and the high 
ratios (greater than 70 percent) of tetrachlorodibenzo-p-dioxin (TCDD) obtained from the previous phases 
and, as discussed below in this report, supported by recent results. Other potential sources include the use 
of HO in the ditches via direct application to control weeds and other potential storage sites near Site 8. 

The established migration pathway from the source/source release areas on base includes the HO ditch 
from Site 8 to Outfall 3 and then discharging into the main channel of the Outfall 3 Swamp (Figure 2). 

Based on the size and depth of the debris observed in the Outfall 3 Swamp, the primary transport 
mechanism of dioxin-contaminated sediments are the high surface-water velocities associated with large 
storm events. These storm events are responsible for the downstream migration of dioxin-contaminated 
sediments, as well as for the lateral extent/overbank deposition of these sediments. 

While the transport of dioxin-contaminated sediments were most likely associated with storm event flow, 
the deposition of these sediments was likely influenced by the susceptibility of a given area to overbank 
flooding and the proximity to channel obstacles. The depositional patterns are the key to assessing dioxin-
contaminated sediments. 

Sample Selection Process Based on the conceptual model shown on Figure 2, a selection of sampling 
locations was established. The Phase III samples were collected to define the limits of dioxin 
contamination associated with overbank flooding and deposition adjacent to the main channel in Outfall 3. 
The results of the delineation efforts will be discussed in the Delineation Sampling Results section later in 
this report. 

Southern Branch (Phase IV) Activities.  Analytical results from Phase III indicated that dioxin had been 
deposited in the small channel that connects the Outfall 3 swamp's main channel to the southern branch of 
Turkey Creek. What was thought to be a low-flow tributary to the main channel actually received flow, 
possibly during storm events. Therefore, Phase IV concentrated on delineating dioxin within the drainage 
features associated with the southern branch of Turkey Creek. This section describes the reconnaissance 
survey, conceptual model development, and sample selection process conducted for the southern branch of 
Turkey Creek. 

Site Reconnaissance/Survey Initial site reconnaissance activities indicated that the small channel 
connected to the Outfall 3 Swamp's main channel conveyed surface water and sediment directly into the 
southern branch of Turkey Creek, as shown on Figure 3. Further observation indicated that the southern 
branch of Turkey Creek has been cut off from the main channel (the northern branch) since the 
construction of Canal Road. The following paragraphs present general observations on the southern branch 
of Turkey Creek. 

The southern branch of Turkey Creek supports flow only during periods of heavy precipitation. The main 
channel is shallow and generally 50 to 150 feet wide and consists of many smaller channels. The flow in 
the channel is to the east and northeast, as indicated by the patterns of deposition of surface debris material. 

There are three distinct terrace levels associated with the southern branch of Turkey Creek. Each terrace 
was observed to have unique depositional patterns, soil types, and vegetation. • 
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Terrace 1 — Terrace 1 is at the lowest elevation, or level, of this section of the former southern 
branch. This lowest terrace forms the main channel. The soil's surface consisted mainly of 
organic rich silts and clays (muck) up to 18 inches thick. Soils become increasingly sandy below 
18 inches. This terrace supports very little understory vegetation due to frequent flooding and poor 
drainage. This terrace was identified to be the most likely to contain significant levels of dioxin 
contamination. The soils of this terrace correlate to the Ponzer Series (Soil Conservation Service 
[SCS], 1975). 

Terrace 2 — Terrace 2 forms a margin that surrounds the Terrace 1 main channel(s), but at 
elevations slightly higher than Terrace 1. The organic rich surface soil layer is thinner and 
contains some sand. This terrace supports more understory vegetation, which is the key to visually 
distinguishing Terrace 1 from Terrace 2. If dioxin is present in Terrace 1, then Terrace 2 
potentially contains dioxin-contaminated deposits associated with storm events. The soils of this 
terrace correlate to the Smithton Series (SCS, 1975). 

Terrace 3 — Terrace 3 occurs along the highest elevations in the study area. The soils are well-
drained, dark brown, fine to medium sands that support abundant understory vegetation. These 
coarser grained soils were the main distinguishing feature between this terrace and Terrace 2. The 
boundary between Terraces 2 and 3 most likely limits the extent of dioxin deposition. Flooding of 
the main channel is the most likely transport mechanism if dioxin contamination is present. The 
soils of this terrace correlate to the Hyde Series (SCS, 1975). 

The final part of the site survey included using a-GPS -receiver to develop a working map of the study area. 
While the southern branch of Turkey Creek extends east and northeastward to the confluence with the 
northern branch, the study area was limited to the first 1,200 feet east of Canal Road. At 1,200 feet east of 
Canal Road, the southern branch of Turkey Creek deepens into a series of three pools (each about 5 feet 
deep), followed by a loss of definition of the channel. The eastern limit of the study area was established at 
the point between the pools and where the channel is less defined. The northern and southern boundaries 
of the study were established along the Terrace 2 and Terrace 3 boundaries. The limits of the study area, 
as well as other features mapped during the survey, are shown on Figure 3. 

Conceptual Model — Southern Branch of Turkey Creek The most likely source area for the dioxins 
observed in the swamp are HO from Site 8. This is based on the chain of dioxin-containing sample results 
and the high ratios (greater than 70 percent) of TCDD, obtained from previous phases and, as discussed 
below in this report, supported by recent results. 

The established migration pathways include the HO ditch (Figure 3) from Site 8 to the drainage channel in 
the Outfall 3 Swamp. From the Outfall 3 Swamp, a small channel conveys surface water and sediment into 
the southern branch of Turkey Creek. 

Based on the size and depth of the debris observed in the Outfall 3 Swamp and the southern branch of 
Turkey Creek, the primary transport mechanism of dioxin-contaminated sediments are the high surface 
water velocities associated with large storm events. These storm events are responsible for the downstream 
migration of dioxin-contaminated sediments, as well as the lateral extent/overbank deposition of these 
sediments. 

While the transport of dioxin-contaminated sediments were most likely associated with storm event flow, 
the deposition of these sediments was likely influenced by the elevation changes associated with the three 

• 
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• terraces discussed above. The depositional patterns are the key to assessing dioxin-contaminated 
sediments. 

Sample Selection Process Based on the conceptual models shown in Figure 3, a selection of sampling 
locations was established. Terrace 3 samples were collected to define the horizontal or lateral limits of 
dioxin contamination, while Terrace 1 and Terrace 2 samples characterize the concentration and 
distribution of congeners of the dioxin contamination. 

ANALYTICAL RESULTS 

The goal of Phase III and Phase IV sampling was to define the horizontal and vertical limits of dioxin 
contamination that exists in the Outfall 3 Swamp and the southern branch of Turkey Creek, respectively. 
The horizontal extent of delineation included two components: (1) the length of channel contaminated (the 
linear extent) and (2) the extent of contamination that exists laterally (lateral extent) from the channels. 
The vertical extent of dioxin contamination was determined in both the Outfall 3 Swamp and southern 
branch of Turkey Creek by mapping the change in soil profiles from black, organic rich to the sandier and 
less organic subsoils. This type of vertical delineation has been successfully performed during the 28th  
Street Project (ABB-ES, 1996c), and confirmed through soil sampling associated with that project. 

This section describes the results of the samples and the delineation limits established for the Phase III and 
Phase IV activities. 

Outfall  3 Swamp.  To delineate the Outfall 3 Swamp, samples were collected on either side of the limits 
potential contamination as defined in the description of possible migration pathway(s) in the conceptual 
model. The sample results confirmed the use of this approach. Table 1 (in Attachment B) separates the 
samples into those that were collected outside the limits of the migration pathway(s) and those collected 
inside the migration pathway(s) to more clearly illustrate the delineation results. Figure 4, Delineation 
Results - Outfall 3 Swamp, visually depicts this information. 

These results are all lower than the higher levels observed during Phases I and II in the Outfall 3 Swamp 
main channel . Also, the TCDD ratio, defined as the percentage of the overall toxicity equivalent (TEQ) 
that is comprised of TCDD, is consistently above 70 percent (see Attachment C, Sample Results Tables). 
TCDD ratios in this range are a strong indication that these dioxins have HO as a source. 

Samples WL032, WL033, and WL034 were collected in the small channel that connects the main channel 
of the Outfall 3 Swamp to the southern branch of Turkey Creek. These samples were expected to contain 
low levels of dioxin based on the observations that (1) surface water was flowing from Turkey Creek into 
the Outfall 3 Swamp at the time they were collected, and (2) the bottom of this small channel is 
approximately 3 feet higher in elevation than either the Outfall 3 Swamp or Turkey Creek. The results 
from these three samples ranged from 93 to 125 parts per trillion (ppt) (Figure 4). The relatively high 
levels of these three samples, along with TCDD ratios in excess of 75 percent (Attachment C), prompted 
the investigation into the southern branch of Turkey Creek (Phase IV). 

Southern Branch of Turkey Creek. To delineate the southern branch of Turkey Creek, samples were 
collected on either side of the limits potential contamination, as defined in the description of possible 
migration pathway(s) in the conceptual model. However, in contrast to the investigation of the Outfall 3 
Swamp, limits to this investigation had to be established. This limit was established just beyond a series of 

• 
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large pools where the channel leveled out and was difficult to distinguish. Given this limit, it was decided 
that if dioxin concentrations were found to be low at this location, the delineation could be completed with 
the Phase N sampling. If significant concentrations of dioxin were found in the sediment, then 
contamination may extend beyond the pools. Additional phases of sampling may be required if this second 
situation is encountered. 

• 
The sample results confirmed the use of a conceptual model-based approach. In the southern branch of 
Turkey Creek the changes in elevation and soil types (described above) were used to establish the possible 
migration pathways. Table 2 (in Attachment B) separates the samples into those that were collected outside 
the limit of the migration pathways and those collected inside the migration pathway to more clearly 
illustrate the delineation results. The samples collected outside the pathway were collected on what is 
called Terrace 3 in the Site Survey Section. Samples collected inside the migration pathways were 
collected from Terraces 1 and 2. Figure 5, Delineation Results in Southern Branch of Turkey Creek, 
visually depicts this information. 

The majority of the samples from Phase IV were inside the limits of the migration pathway defined by the 
hydrologic boundary established between Terrace 2 and Terrace 3. Samples WL049, WL056, and WL061 
were collected from the Terrace 3 soils to confirm the observational delineation. As was the case in. the 
Outfall 3 Swamp, the TCDD ratios were in excess of 70 percent — a strong indication of an HO source. 

The sample collected the furthest downstream (to the northeast) in the southern branch of Turkey Creek, 
WL065, produced the highest result observed in the study — 317 ppt. This sample was collected beyond 
the pools in an area lacking a well-defined channel. This result confirmed that the delineation in Turkey 
Creek has not yet defined an eastern or northeastern boundary. 

CONCLUSIONS  

The delineation boundaries established in the Outfall 3 Swamp are complete. As shown on Figure 4, the 
linear extent of dioxin contamination in the Outfall 3 Swamp greater than 30 ppt is approximately 1,800 
feet, while the lateral extent averages approximately 200 feet. An estimate of aerial extent of dioxin 
contamination from these numbers is approximately 360,000 square feet (8.3 acres). Depth or vertical 
extent of contamination in the main channel of the swamp averages approximately 24 inches, while outside 
of the main channel the vertical extent averages 12 inches. 

An approximate volume of sediment contaminated above 30 ppt, based on an average channel width of 10 
feet and a overbank flood zone for the remaining 190 feet, is approximately 14,000 cubic yards. These 
numbers are rough approximations based on distances made from maps containing preliminary 
nonsurveyed data. The delineation is based on an assumed action level of 30 ppt. 

The delineation boundaries for the southern branch of Turkey Creek are not yet complete. The objective 
of Phase IV was to delineate linearly and laterally simultaneously with the limited number of samples 
available. Unfortunately, the linear extent of dioxin contamination is likely beyond the study boundary of 
Phase IV activities. The approximate aerial extent of contamination included within the established 
migration pathway for the southern branch of Turkey Creek (Figure 5) at this point is 1,200 feet linear by 
an average lateral extent of 100 feet for a total of 120,000 square feet (2.8 acres). Given the average 
vertical delineation of approximately 12 inches, the estimated volume of sediment contaminated above 30 
ppt is approximately 4,400 cubic yards. These numbers are rough estimates and should be updated with 
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0  more precise civil survey information. Also, these volume estimates for Turkey Creek are likely to 
increase when the delineation is completed. 

The major source of surface water for the Outfall 3 Swamp and the southern branch of Turkey Creek, 
Outfall 3, has been diverted to Canal No. 1. While this greatly decreases surface-water velocities and, 
therefore, the potential for erosion and transportation of dioxin-contaminated sediment, the potential for 
migration still exists. Tropical storms (including hurricanes) could potentially produce surface-water 
velocities in the main channel of Outfall 3 Swamp and the southern branch of Turkey Creek to mobilize 
dioxins into the main channel of Turkey Creek and eventually into Bernard Bayou. 

At the end of Phase IV, the preliminary estimates of contaminated sediment above 30 ppt have been 
determined for the Outfall 3 Swamp and the southern branch of Turkey Creek. These estimates are likely 
to change when civil survey data is available and when the delineation of Turkey Creek is complete. The 
total estimated aerial extent of dioxin-contaminated sediment from both the Outfall 3 Swamp and Turkey 
Creek is 11.1 acres. Based on vertical delineation of sediment, the total volume of contaminated sediment 
to date is approximately 18,400 cubic yards. 

RECOMMENDATIONS 

Outfall 3 Swamp.  Linear, lateral, and vertical extent of delineation has been completed in the Outfall 3 
Swamp to the confluence with the southern branch of Turkey Creek. Therefore, future activities in the 
Outfall 3 Swamp should include data-gathering to support the development of future remedial options. 
These activities included a civil survey of the manmade ditch system, sample locations, and the delineation 
boundary established laterally from the ditch. 

A civil survey of the Outfall 3 Swamp would allow for a more accurate determination of (1) the volume of 
potentially contaminated soil, (2) potential impact on private land, and (3) the location of institutional 
controls to limit the potential exposure of the public. 

Southern Branch of Turkey Creek.  Delineation activities in the southern branch of Turkey Creek are 
incomplete at this time. The recommended approach to complete the delineation is (1) a focused historical 
research of aerial photography and/or flood studies, (2) a focused sampling phase to determine the linear 
extent of contamination in the southern branch of Turkey Creek, and (3) a delineation phase of sampling to 
determine the lateral and vertical extent of dioxin contamination. Again, these activities should be 
accompanied by a civil survey to support the development of future remedial options. 

Based on the size of the part of Turkey Creek that could be potentially contaminated, an estimate of Phase 
V would be 15 samples, and of Phase VI would be approximately 35 samples. 

• 
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Finally, based on the potential for continued migration of dioxin-contaminated sediment out of the southern 
branch of Turkey Creek, engineering controls, such as sediment recovery traps, should be considered until 
final remedial actions can take place. These controls could be placed on an interim basis at strategic 
locations even before the final delineation of Turkey Creek takes place. 

Sincerely, 

Harding Lawson Associates 

Robert Fisher, P.G. 
_r.r. 

Penny Baxter, P.G. 
Technical Lead 	 Project Manager 

cc: Gordon Crane, NCBC Gulfport 
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Table 1 
Delineation Results at Outfall 3 Swamp 

Swamp Delineation Sampling, Phases III and IV 
Naval Construction Battalion Center 

Gulfport, Mississippi 

Sample ID Inside Migration 
Pathway 

Outside Migration 
Pathway 

Result (ppt) 

WL032 X 125 

WL033 X 117 

WL034 X 92.8 

WL035 X 75.5 

WL036 X 16.3 

WL037 X 21.4 

WL038 X 13.9 

WL039 X 40.0 

VVL040 X 38.1 

WL041 X 74.6 

WL042 X 8.95 

WL043 X 3.33 

WL044 X 24.8  

WL045 X 21.5 

WL046 X 104 

Notes: 	ID = identification. 
ppt = parts per trillion. 
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• Table 2 
Delineation Results at the 

Southern Branch of Turkey Creek 

Swamp Delineation Sampling, Phases ID and IV 
Naval Construction Battalion Center 

Gulfport, Mississippi 

Inside Migration 	Outside Migration Sample ID 	 Result (ppt) 
Pathways 	Pathways 

WL047 	 X 	 228 

WL048 	 X 	 177 

WL049 	 X 	 15.3 

WL050 	 X 	 188 

WL051 	 X 	 61.4 

WL052 	 X 	 143 

WL053 	 X 	 266 

WL054 	 X 	 155 

WL055 	 X 	 217 

WL056 	 X 	 16.4 

WL057 	 X 	 168 

• WL058 	 X 	 68.4 

WL059 	 X 	 58.6 

WL060 	 X 	 84.8 

WL061 	 X 	 19.2 

WL062 	 X 	 67.3 

WL063 	 X 	 8A8* 

WL064 	 X 	 274 

WL065 	 X 	 317 

WL066 	 X 	 142 

' Sample collected in large pool. Low result likely due to increased sedimentation in pool from 
surrounding sediment — not associated with channel. 

Notes: 	ID = identification. 
ppt = parts per trillion. 

B-2 
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ATTACHMENT C • 	SAMPLE RESULT TABLES 

• 



• • • 
Page: 1A 	of 1J 

Date: 08/21/98 

WL001 	 002 	 003: : 	An.0 04 	, VVL005 ::, 	 L000 

AMPLE ID 	00101P2: 	002D1P2:: 	Di/361132 	Wi.004DiP 	006D1P 	MAD i 

DATE 1:11 	: iikiiftiti ii4:61 aitiiii0:/14 	600,if11441 °Orr oili7:I:16 	stiml 1 ici 	5/17191T10:48  
DEPTH  HD 	0.60 	 0.60 	 : 0.110.: 	 : 0.00 	 ,00•

iiikikT.*YeE 	, priiiihr 	 PrImarY 	 Primary  Primary 

Total TEQ 

TCOD/TEO RetIO:.•:•••• • 
(ng/kg) 	18.3 

(V 	72 

98.8 	 89.1 	 172 	 176 	 148 J 

79 	 77 	 74 

  

Values represent total concentrations unless noted < Not detected at indicated reporting limit --- =Not analyzed 

U = non-detect, J = estimated, For ROI_ RATIO UJ = estimated quantitation limit 
- 	• 	• 	--•-- 



Page: 1B 	of 1J 

Date: 08/21/98 

Total TEQ 

TCDD/TEQ Retro 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit ---=Not analyzed 

1111 U =non-det 	J =estimated, For RCL RATIO 	 III 	.  estimated quantitation limit 



• 
Page: 1C 	of 1J 

Date: 08/21/98 

::04NteelY98. 

8 E 	 012 	 WL013 	 Wil014..,;•••,• 	 ri!-915 	 '0 

SAMPLE ID' 

• 

0126201i:: 	• W1013D2P1•.::. 	01402P1.: 	• • VOL0151:12P 	• ilit.015D2D 1 	VV1.018D2P.1 „ 	 • 	. 	••• 
Tett 	 0112/97..11811 • .:10/12/97./ 13;19:::`:.10/12/91 r.13: 	 is3g 	:10/12/97:11 	0/12/914 14: 

• • 	•  
DEPTH.Ift) .00:•• 	 00 	 0.00.  

0. 8.1.8*:.*y 	 Primer 	 Primary. • •...   

• • 

UJ = estimated quantitation limit =non-detect, J = estimated, For RCL RATIO 
•__ 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit --- =Not analyzed 



418 J 	 204 J Total TEO 	 (ng/kg) 	92.4 J 	 94.2 J 	 37.1 J 

TCOO/TEO. Ati& 	• • *. 	• • 	 (°. 	-; • • .78 	 '80 • 	• ss 	• 	81 	 91 	• : 	:so! ...is • 	••• : 66 	• • 

• . . • 	 s: 	 ••••: 

: 	• : 	 * ' 	••• ••:: 
• • :::•-.:•••••••• 	• • ;i::::•••• ••• 

IDU . non-dett. J = estimated, For RCL RATIO • 411= estimated quantitation limit 

• : 	• 

' •••• 	• 	• 	's 	• '•:: • 	• 	 ••• 	•:. 	 • 	:: • 	.. 	• 	• 	: ' 	' 

126 J 

• ,• • 	 : 	",•••:„. 	 ••• • 

. 	 • • 

'•••••—•:••:" 	• "•••• 	.s.. 	• 	::.„ 	 ••:•••••..: 	:.„. 	 si.. 	:::••••••• . 	 ...•••••• • 	• 

....:.: 	• •:•••••• 	• 	• 	• . 	• 	., 	• • 	::••• 	• 	; 	:.::* 	• 	 • 	: 	 • 	• 	• 	:"' 	 • 	 . 	• 	• 	.. 	'•": • ' 	: 	 • 	 • 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit --- =Not analyzed 

Page: 10 	of 1J 

Date: 08/21/98 
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Page: 1E 	of 1J 

Date: 08/21/98 

• • 
`:90Nat11.1)EN„ 

WL037  
WL037D2P1 

02/20198 / 12:1 

.isrL036imp1 • 	wi.o3• ia2p1  
02126159.111:46 • 02t20i90 i 1:0 12 . 

?Sin. 
SAMPLE lb 

0AYEOIM 

DEPTH 

RESULr.TIPE .; 

038 

Wtosbgi,i  

0120/90i i2:30:: 

PriPar* 

0;4 0.00 	 0.00 

Primary• Primary 

WLO 

VV1.03402P1.:: 

02/19/90 064 

0.00 

rimarr:  • Primary.::  

Ing/kg) 	117 

06) 

13.9 J 21.4 J 18.3 J 75.6 J 92.8 J 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit ---=Not analyzed 

U =non-detect, J =estimated, For RCL RATIO UJ = estimated quantitation limit 



• . 	. 	 ' 	 „.. 	• • • 	• 	 . 

.• • • • 	• •••••••••••••••:::..:si:i...:,..**.:.' 

Page: 1F 	of 1J 

Date: 08/21/98 

.•::WL039 	 • 	• WL041  

0.  • 	• 

.. . 	• 

•• ''''''' ..... . 

• 
-:•• :  . ... :• . 	• 	••••• 	.  

• • • 	

: 	

• 

. 	. 

o2/.20/94 
.. 	 • 

• •:•::••••••:•'••••:::. • 	. ................... 	•• 
0.00. 	 • 

• 
RESULT TYPE:'::: :;;;; 	r 	 . 	• '• 	• • 	. • Primary. . 

• ' 	. 	• • 	• 

.• 	.• 	• 
0.00 . 
• : 	• 

Total TEQ 	 (ng/kg) 	40.0 J
, : 	: • 

31.6 J 	 38.1 J 
Tebt)/TOO Ratio 	 : 	:1 

74.6 J 	 8.95 J 	 3.33 J 

• .• 	• : • 	• 	• . 	. 	. 	. 	• , 	 • • 

• • 	, 	.. • . 	. • 	: *.• 

.. 	• 	• 	• • 
. 	. 

••:.:...s.: 	 .• • 	 • 	 • 	, 	. 

.. 	• ' 	• 	 " 	. 	 .. • 

• • 	 • 

  

Values represent total concentrations unless noted < =Not detected at indicated reporting limit ---=Not analyzed 

non-detilt estimated, For RCL RATIO 
	 41). estimated quentitation limit 

	 •  



• 
Page: 1G 	of 1J 

Date: 08/21/98 

	

. 	.::•.-94un.60:::: ::: . 

 ' ;Aifi iii.ii —is-l!,: ::••• . 	. 	„.... 	: 	... .. 	.  	: . 	•.. ... 

	

-.....::: 	. r)prtofi il'::-  :. 	''' 
RESULT ti* 

04, 	•• 

02,)10/99:113:00 0200190 

.•••.: 	• .*.4.00-. :*: :•••• 	• 	• 
••• 	• 	 • . 	•.; 	• 	• 	::.:• •:::: 

• .:14/L041...: ..• 

oes*/118 /14110. 
:*** 	• 

• Primary•:,.:. 

Total TEO 
	

Ing/kg) 	24.8 J 	 21.6 J 
	

104 J 	 228 
	

209 
	

176.748 
rcimprgc). 	 • • • • 

• ••••:•:•••••• 	•••:••••• 	 • 	• , 

••.: 2•*: .......... 	 ••• •••• 	-* 	-.• 	:** 	:• 	 . 	 .• 	• • 	. 	. 

•.• 	' 	• 	. • 
• . 	.•.•• 

• . ss • 	• 	 .:. • 	- 

• 
Values represent total concentrations unless noted < =Not detected at indicated reporting limit —=Not analyzed 

U o  non-detect, J =estimated, For RCL RATIO UJ=eatimated quantitation limit 
---• - • •- •_ 

 



Page: 1H 	of 1J 

Date: 08/21/98 

166.199 143.314 	266.368 

* 	• 	• 
Values represent total concentrations unless noted < =Not detected at indicated reporting limit ---=Not analyzed 

non-detel = estimated, For RCL RATIO estimated quantitation limit 
• •-•• 	• 	•-••-- • 	• 



• • 
Page: 11 	of 1J 

Date: 08/21/98 

81TE 	 WL.058 	 WL 	 : WL066 

SAMPLE ID " 	VVL055D2P1 	VVL966D2P1' 	‘iv!:07p1)1 	viti068o2P1 

CONSTITUENT• 	 PATE timg :•ootootso t 12;2 	Ootoqtso 	 1146.  .06/00 

 

/98 I 12;6 

0.00 	 o.00 	 .00 

 
. 	. 

 

RESULT: TYPE: 	 Primary 	 Primary 	Primary• 

• 
w!..oso 	 taLoso 

VV1.069D2P1 
.06/06/68 13:05 90906 .1.130• 
0.00 • 	 COO 
Primary 

84.8183 68.3694 	68.6211 (ng/kg► 	216.709 

(96►  

Values represent total concentrations unless noted < Not detected at indicated reporting limit --- =Not analyzed 

U.:non-detect, J = estimated, For RCL RATIO 	 UJ = estimated quantitation limit 

16.4386 188.31 



• 

Page: 1J 	of 1J 

Date: 08/21/98 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit --- =Not analyzed 

u.non-de411 J =estimated, For RCL RATIO 	 =estimated quantitation limit 



• 	• 
Page: 1D 	of 1J 

Date: 08/20/98 

SITE 	 WL017•••.• WL0 ft•• 	 WI.020• 	 VV021. 
:** SAMPLE ID':''" 	018D2P1 	::V4L0191520.1:'•: 	WL020D214.: • 	• VVLai iso 2P 
• : 	• . 	• 
DATE) 11 	 10/12191 	 /14.4 	11;197 ,1 16:10 ''' 10/12/97 /18:8 

• . 	• • 
osptH ito 	• o.00 	 • 	 0.00 

	

ES ULT TT 	P4ary . 	Primary 	 PriMerY:' 	 Primary 
•  

2,3,7,8-TCDD 71.8 75.3 30.1 379 174 100 
1,2,3,7,8-PeCD0 s' 3.9 4.3 1,6 6,3 7,1 6.1 

1,2,3,4,7,8-HxCDD 7.8 7.7 2.4 11.1 11.1 6.6 

•:: 	 17.6 .:- 17.9 ■6 26 23,6 

1,2,3,7,8,9-HxCDD 18.8 J 20.9 J 7.3 J 26.1 J 26.9 J 22.0 J 

•1;2,3,4,8(7.,84-1p0PD. • 480 iso 623 693 

1,2,3,4,8,7,8,9-0CDD 3950 J 1990 J 1360 4770 4710 4810 J 

10,2 3.3  107 • 	• 39 13,2 

1,2,3,7,8-PeCDF 1.6 1.3 0.83 3.4 1.9 1.8 J 

1,8: .6 0.8 3.8; 1.8J '  

1,2,3,4,7,8-HxCDF 6.8 J 7.6 J 1.9 J 14.8 J 11.1 J 8.9 

5' 	 4.6 
6  

2,3,4,6,7,8-HxCDF 6.6 J 6.2 J 2.6 J 6.6 J 6.4 J 11.2 J 

0.6 U. 0,47 • 0,3 U 0.89 0.6 0.66 J 

1,2,3,4,6,7,8-HpCDF 142 133 45.4 181 170 136 

8 2.4 9,4 

1,2,3,4,6,7,8,9-0CDF 299 J 284 J 89.8 436 399 296 J 

. , 42.2 "414 102 116 

Total PeCDO 16.6 17.8 10.1 48.6 33.2 30.9 

158 1112: 59 .226: 209 

Total HpCDD 948 939 312 1210 1200 1550 

VA& 48.4 48,7.- : 22.4 286:  104 64,4 

Total PeCDF 67.1 74.9 31 236 173 90.0 

Total :HxCDF:. 138 47 '.:::  241.:  197 177 

Total HpCDF 391 390 123 540 600 397 

92.4 J :94,2 A7;1:,J 418 J 204 J 125 ssi 	: 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit --- =Not analyzed 

U =non-detect, J =estimated, For RCL DIOX 
	

UJ =estimated quantitation limit 
-•- 



Page: 1E 	of 1J 

Date: 08/20/98 

:81TE 

8AMPLE113 

• 

033.: 

°Sib 
2119/901 • . 

0 
Prime 
• %•••':::::•:::••f.::•• 

rimer 

0346; 	 
0 , 	::11+0.038 

ismo;04ipi 
igorso r:12: 

2,3,7,8-TCDD 95.7 71.8 64.8 11.7 13.8 9.6 
1 2'3 74-PeCDD 	• 3,9 4.; 4 2.0  0,86 J 2.8 J 1.3 
1,2,3,4,7,8-HxCDD 8.2 6.4 2.9 J 1.3 J 2.2 J 1.1 J 
1,2,3,8;7,8•1-N0PD 	. 20.0 104 0,2 4,3 J.  5.2 3.4 J 
1,2,3,7,8,9-HxCDD 28.6 J 24.4 J 8.4 J 4.3 J 6.2 J 3.6 J 

480 229 00.6 90.7 68,1 
1,2,3,4,6,7,8,9-0CDD 4090 J 3710 J 1930 J 836 .1 767 691 J 

9.6 3 1.0 2.6 

1,2,3,7,8-PeCDF 2.3 J 1.6 J 0.84 J 0.36 J 2.7 J 1.1 J 
2,3,4,7,8-PeCDF'.  1.8 2.3 J 0.70 J 2.3 J 1.1 

1,2,3,4,7,8-HxCDF 7.1 6.9 6.0 2.4 J 3.6 J 1.6 J 

4,6 J 3.0.J 1,2 J 2.9 J• 1.4  J 
2,3,4,8,7,8-HxCOF 8.4 J 11.3J 6.9 J 2.6 J 3.6 J 1.9 J 

0.3 0.44 J 0.1 U 4.0 J 1.8 J 

1,2,3,4,6,4,8-HpCDF 112 128 74.1 28.8 29.1 19.9 

637  3.3 J .7  

1,2,3,4,6,7,8,9-0CDF 240 J 237 J 164 J 65.7 J 67.3 42.9 J 

 	8,7 

Total PeCDD 18.4 34.0 7.2 8.9 3.6 4.4 

78 43 

Total HpCDD 839 830 462 189 182 138 
•• •• • ..... 46.7  31,1 •• 	16.2 .5 

Total PeCDF 91.8 104 39.4 13.6 22.0 14.1 

Tom Hxcpr ... . 
SO . 6 30,3 38,7 •  ito 

Total HpCDF 311 349 76.8 82.6 71.9 61.2 

Tatit:T8(1:: I it:4::: 9Z8 J " 	16.3 21.4''J 13.9 J 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit --- =Not analyzed 

u.non-det• =estimated, For RCL DIOX 	 estimated quantitation limit 	 III 	 • • 



• • • 
Page: W 	of 1J 

Date: 08/20/98 

•-61TE 	 W1.039:: 

SAMPLE 	 060400iP 	•,*041 bpi*  

s'      
	• . • 

6;ti 	 .oviitoo 	 t 	. 0240190%021;oisa i s:46.  
:DEPTH (NI ,00.% 	 .0o: 	• 	.: 0.00: 	 .0 •: 	 •• • RESULT  TYPE 	. ,• ' • • 

liupllaite 	.Priniery • 	•• Primal 	 PrIrre'rY• 

2,3,7,8-TCDD 
1,1,3,7,8-PeCDD:J%:. 
1,2,3,4,7,8-HxCDD 

1,2,3,7,8,9-HxCDD 

1,2,3,4,6,7,8•HPCDD 

1,2,3,4,6,7,8,9-0CDD 
2,3,7,8*-TCDF •• • • 

1,2,3,7,8-PeCOF 
2.,4,7,8!PeCDF 
1,2,3,4,7,8-HxCDF 

1,2,3;6,7,8-HXCDF 

2,3,4,6,7,8-HxCDF 

i;2•3;7,8,07.K.tD 

1,2,3,4,6,7,8-HpCDF 
110,4,7;6,94iiictiO 

1,2,3,4,6,7,8,9-0CDP 

Total .1:PDD' 	* 
Total PeCDD 

Total HpCDD 

Total PeCDF 

Total HXCDF.n i, 
Total HpCDF 

1'6411.1-Ea 

26.4 
0,78J••  

1.0 J 

6.2 J 

. 132_ 

1280 

2.4 . 

0.38 J 

. .0,63 

1.7 J 

1.2 

2.3 J 

1198 us  

38.4 

73.2 

**.36,7 

4.2 

4.1•0 
271 

;4. 

23.8 

96.3 

40..0 j 

28.6 	 30.7 	 69.7 
0.75 .1 :.• .1..3.J.- 	 3,0 J .. 

1.0 J 	 1.6 J 	 3.6 J 

'4•!1..J 	 . 	 ..'• 13.6 

6.2 J 	 6.7 J 	 11.6 J 

130 . 	 '.1.7,4 . 	 • • 336 :. 

1270 	 1610 	 2800 

2..4 - : 	 ...0.1-  : 	 7.8 

0.42 J 	 0.44 J 	 0.69 J 
,..0.311 ... 	. • 9,59)..s. 

1.6 J 	 2.7 J 	 4.9 J 

.. ,,,:l.6 J .:::  ••••,•: 	3,7 J 	• 

1.9 J 	 3.1 J 	 6.8 

0.414.'. 	...'6.1I.4'... 	.: 0.26.1 .. 
34.9 	 47.9 	 108 

.... :1 J. 	 :. 	.,' .4 	 s;i : • 

62.6 	 103 	 237 

.:..34;9 	 c:54:1 	 79.6 ..• 

4.3 	 7.1 	 21.2 

42„6 	 .6 	 :'.106' 

267 	 346 	 690 

4.1 	 .. 	 :..: 22,8 ".. 

30.8 	 32.3 	 61.3 

: 	313:1 . 	 s:  62.8:' ' 

90.3 	 129 	 300 

31:6:.,•iii;i:j 	..• 74.6:j:  

6.2 
0.37 J 
0.69 J 

2.4 J 
4.2 J 

84,4 

1280 
0.88 J 

0.17 J 
0.29 -J '  

0.79 J 

0,63 J 

1.0 J 
0.07 U 

18.8 

0,77 J 

32.0 

7.6 

1.9 

26.2 
168 

4,6 

8.2 

17.7 

46.6 

8,96 J 

1.9 
0.4 0 

0.3 U 

1.3 J 

1.4 J 

39:8 

361 
0.68 J 

0.3 U 

0.3 t..! 
0.73 J 

(i.P0 
0.72 J 

0:3 U 	 

11.6 

0.3 1 

17.4 

0.97 

76.8 

3.1 

2:7 

27.1 

3.33: j : 

. 	.. 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit --- =Not analyzed 

U= non-detect, J =estimated, For RCL DIOX 
	

UJ = estimated quantitation limit 



Page: 1G 	of 1J 

Date: 08/20/98 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit ---=Not analyzed 

U = non-detWJ =estimated, For RCL DIOX 	 estimated quantitation limit 
•----• 	- • 

Total HpCDD 



• • • 
Page: 1H 	of 1J 

Date: 08/20/98 

9::: 	 W1.050.•:: • 
• :••• 

9400.20.i; 

06/90/99 / 14:30 : 06/05/90 / 14': 

. 

Primerv::• 

•:• 

• 
• ••: • 	•:. 	. • . 

061 •••••••••• 
• • • 	. 	':" • •••.. 	. 	• 

0:00 

• Reline 

CON T 	 In 

* 	• ...... . 

••••••••• ••••••'',-:. 	• . 	• • 
, 	• 	• 

199/98iiii 

060 

8.04 	 150 	 46.5 	 122 	 223 
1 	:: ' 	8.98 	' : : . 	3.77: : 	: 	501 	: 	 9.98• 

• <2.6 	 13.9 	 4.43 	 7.33 	 18.8 

4.78 	:::::: 	 16,6 	..:: 	: 41:6 
28.4 	 66.2 	 30.1 	 33.7 	 62.6 

	

: 	1020 	: ...::::.: 	: 334:: ::: ::: 	478 . 	: 	: 	746 

3386 	 8262 	 3410 	 4688 	 9062 
: 	: ::: : .". 	::::. 1 :: 	: i • 14,1%  	: 	:: 3,34: 	:: 	8.24 	: :: 	: 17,7  

<1 	 1.26 	 1.78 	 1.62 	 2.72 
::",..: ' % <1 ::: 	:::::: 	: : 	3:49 	! • 	: 	:: 	;:2:86 	 2.27 	: : 	::: 	'::: 	: 4.08 	: 

6.2 	 7.28 
	

18.6 
. 	•, 

4.72 	 6.67 	 10.6 

" 	6 	: 

64.1 	 93.6 	 228 	 163 

3.38 	 6,16 	 12,4 	 9.47.  

2,3,7,8-TCDD 
1i2,3,1,8-PeCDD • 

1,2,3,4,7,8-HxCDD 

s1,2,3,6,748tHXCDD  

1,2,3,7,8,9-HxCDO 

1%2;3•4•13•7•PDP  
1,2,3,4,6,7,8,9-0CDD 

1,2,3,7,8-PeCDF 

1,3,4,1,8-PeCRE:..;: • 

1,2,3,4,7,8-HsCDF <2.5 	 13.4 

: 9;02 ; 

<2.6 	 8.48 

21.8 	 264 

126 
9.33 

12.1 

29.1 

48.2 

893 

7069 

13.9 

1.77 

2.94 

11.3 

1.32 

6.73 

. 	• 	. 

68.2 	 812 114 	 210 	 376 	 343 

.:. 

 

	''`'`': '::' .:":::''' :r` : ::.;•-•::::** -.1:: 	'6:04::.:„::::.:::::....:',.:. •.:::.....; .:...i 69'....../:: ..........:::-.:::::::-2:1'll. 6, ... - • :::::::::::::.": :::. ...: • • 111s.: ...:::: • 	..:.:•:::%:•-•::...**. 	223•:• 	• ....• . • ,... ••• •. • 	•„: 	110. ..‘....•:;.;:;:::..... ....... 

6.91 	 48 	 22.2 	 36 	 63.6 	 38 

:::•:.:::i.::•' - *•?..::::•.., f ?.::::•.::.:•.:* *:.....i:,.....::•:•••::::: :::65:9:i....:::::Y:4::.;::'...;',i::.::::•' 	326; ." •••• :.:.: .*:::. :::::*•„:::::-.: 115 :„; ../..:•.*:..:* • i.  • • . *".•::•. - '1172 .:''.':„::. s'...::::::.:•: .....:'"%:.;354 '''''..::* - 	' , *:. .., '"?69::..:....:::„....: ......::.: 

425 2080 	 625 

0;4:: 
166 	 44.1 

893 	 1390 	 1300 

Values represent total concentrations unless noted 

0 •=Lese then Reporting Limit 

U = non-detect, J = estimated, For RCL DIOX 

< =Not detected at Indicated reporting limit ----Not analyzed 

UJ estimated quantitation limit 



U= non-deter  estimated, For RCL DIOX 	 estimated quentitatlon limit 

Page: 11 	of 1J 

Date: 08/20/98 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit ---=Not analyzed 



1,2,3,4,8,7,8,9-0CDD 
2.:3•7.4/.4C  
1,2,3,7,8-PeCDF 

1,2,3,4,7,8-HxCDF 

2,3,4,8,7,8-HxCDF 

14.3 	63.7 	8.24 	248 	278 	118 
... '*:'; . .:.....?...' ..• *:.:...... • •- .....i ..**2 <1 	...• ::::.:.„.:::"..... 	•• • ';'. ,... 2.4..•: 	........: ........: •- 	.... <1. : 	• . 	 •••• 	S.111 	6.24 

<2.6 	3.88 	<2.5 	9.68 	13.3 	8.84 
• ::: 	• 	-• .** •••••••••••••,*:•••• •-..,•••••:•••:: • 4.48' .... : • •' ::: . 	• • • •'. 11 	6.••••••••• 	.. •-•.'":::•• •••••'...,••f•2:5'...... 	s: 	••••35.9 • •••• • 	• 

14.3 	28.8 	7.58 	32.9 	42.9 	33.8 
14;3;4A7..;8.‘H000...... 	 •.......''.''.:.:',:'.......7.::.'.;.,..:'..'•-.... .....:....: . • 	• ...• ..".:1':';‘•••••••:".:i . •• 	''''130*::'''''': ••••• • • ' :****'''''''""...''''•  310 ''''',•"•%. 	''''':::. ' 	•:•'•:.:*84 3 ':,•*•' ', 	•'''';',*;.• 	. ..... 689 	'''.:•:;.„'„ 	'..::::::::. 	....:::.,[836 	. ,..• 	. :;;' ".'.'.,.. 	; 	682.'': : ..i:•i..:..;  ,.:*,..::::; . 
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.•.1.:::•..:"-;..::...1'....... :•:: :::.:1,32•:''• :•:::;. . •':•:::•-'"''.... :......::...3,96::•.' 	,....„......;•:':'.....:„...........**:.' ;:141. 	.. 	: .•:' 	;•:•... 	21;5; '...;.:' •..:...'•'.': 	23.8..: "-.... •••:1: i : 	":::...:.7422:::::.:::..........; :: ....• ''. 

.tOtalf*HXC 	 7  	 . 	63ig.  

Total HpCDD 	 230 

12 	24.8 	6.27 	62.4 	84.6 	70 
31 	: 	:; 	:;,' 	:1, 	231 	••:;;: 	 : 
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••• 
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1,2,3,4,8,7,8,9-0CDF 
TgehiCOD...* 
Total PeCDD 

	

<2.6 	3.84 	<2.6 

	

<2.6 	<2.6 	<2.5. 

	

<2.6 	3.99 	<2.6 

9.43 	12.6 
• •  6,98' 	•. 	7.91 	•. •  

9.88 	12.8 

8.37 
6 83 
9.06 
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Page: 1J 	Of 1J 
Date: 08/20/98 



ATTACHMENT D • 	GLOSSARY 

• 

• 



GLOSSARY 

ABB-ES 	 ABB Environmental Services, Inc. 

GPS 	 global positioning system 

HLA 	 Harding Lawson Associates 
HO 	 herbicide orange 

ppt 	 parts per trillion 

TCDD 	 tetrachlorodibenzo-p-dioxin 
TEQ 	 toxicity equivalent 

USEPA 	 U.S. Environmental Protection Agency 

• 

• 

• 
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Table 1 
Phase V Sediment Samples 

Swamp Delineation Sampling, Phases V and VI 
Naval Construction Battalion Center Gulfport 

Gulfport, Mississippi 

Sample ID Sample Date 
Concentration (ppt) TCDD/TEQ Ratio 

TCDD TEQ (Percent) 

WL067 	12/14/99 	42.1 54 78 

WL068 	12/14/99 	49.6 60.1 83 

WL069 	12/14/99 	ND 3.1 NA 

WL070 	12/14/99 	ND 2.1 NA 

WL071 	12/14/99 	ND 6.4 NA 

WL072 	12/13/99 	1.8 6.1 30 

W1073 	12/13/99 	6.4 10.6 61 

WL074 	12/13/99 	5.5 8.7 63 

WL075 	12/13/99 	6.0 10.4 58 

WL076 	12/13/99 	ND 0.62 NA 

Notes: 	ID = identification. 
ppt = parts per trillion. 
TCDD = tetrachlorodibenzodioxin. 
TEQ = toxicity equivalent. 
ND = not detected. 
NA = not applicable. 

• 

• 
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• Table 2 
Phase VI Sediment Samples 

Swamp Delineation Sampling, Phases V and VI 
Naval Construction Battalion Center Gulfport 

Gulfport, Mississippi 

Sample ID 
Delineation or 

Characterization Sample Date 
Concentration (ppt) TCDD/TEQ Ratio 

(Percent) TCDD 	I TEQ 

WL077 	 D 	 3/18/99 3.3 5.1 65 

WL078 	 C 	3/18/99 12.5 16.8 74 

WL079 	 D 	 3/18/99 6.7 10.4 65 

WL080 	 D 	 3/18/99 3.9 5.9 65 

WL081 	 D 	 3/18/99 2.7 4.6 59 

WL082 	 D 	 3/18/99 2,1 3.2 64 

WL083 	 C 	 3/18/99 24.2 30.8 79 

WL084 	 D 	 3/18/99 ND 0.3 NA 

WL085 	 — 	 3/19/99 ND 1.2 NA 

WL086 	 — 	 3/19/99 ND 0.9 NA 

WL087 	 — 	 3/19/99 5.1 9.3 55 

Notes: 	ID = identification. 
ppt = parts per trillion. 
TCDD = tetrachlorodibenzodioxin. 
TEQ = toxicity equivalent. 
ND = not detected. 
NA= not applicable. 
D = delineation. 
C = characterization. 
— = no data. • 
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ortaTiTiter4: iyaoi.to og*gt 
SOPLEID 
DAY8 : 

SITE 

DEPTH:00 

RESULT.IYPE 

0**:00 : :  

: ":l  
1 U : : 
1 UnarY  

2.6 U 

.91  
29.8 

149 

1 U 

1410 

1U 
1'U 
2.6 U 

2.5 0 ; 
2.5 U 

2.6.0 

10.7 

.6 U: 
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PHASE V AND VI 
SWAMP DELINEATION SAMPLING 

NCBC GULFPORT, MS. 

2,3,7,8-TCDD 
'14:a 3,7,6-PeCt.O.: 
1,2,3,4,7,8-HxCDD 

1,2,3,7,8,9-HxCDD 
1',2;3;4,9,7,84.1pCD0-:: 

1,2,3,4,8,7,8,9-0CDD 

* 

1,2,3,7,8-PeCDF 

1,2,3,4,7,8-HxCDF 
1,2,3,5,7,84IXODF:  

2,3,4,6,7,8-HxCDF 

t2i3;7,8,941XCDf'::.  

1,2,3,4,8,7,8-HpCDF 

1. 2 3 4,7 819410CDFs•  • 
1,2,3,4,8,7,8,9-0CDF 

TotaliftOp 

Total PeCDD 

Total HpCDD 

Total PeCDF 

Total HpCDF 

'''' :• 	
. 	 . 

... 

: mosi: 
WL0371)1#11:, 

11114i$0 , 
$.50 

Primary`: 
: 

yr..007:  
WL087Dip1: ' 

12/14/98 

:0t50 	' 
bisplipate I 

::vypee 
v40Stripl 

12114198 
0.66 : 
Primary' 

wc666:: : 
wiAiiiori 01 
12/14/90 

0.50  

Primary 

:WL070 	

:1  
WL070D1P1 

:i:1204/01k 

0.60 
Prtmi 

43.2 
i LI 

42.1 
4.951: 

49.6  
1 U 

1 U 
I.U. : 1 

1 U 
LI 

2.6 U 3.63 2.88 2.6 U 2.5 U 

8.87 0,1:: 10.5 2.66 2.6 Li 

13.4 13.4 13.4 14 

304 : 280, 395 66.8 449 
2970 2600 4050 859 461 

4.97 4.37 	: 4.37:-. : i u 1 LL i 

1U 1U 1U 1U 1U 

1 U 1.17 1 U 1 U : 1 U 
2.5 U 3.55 2.6 U 2.5 U 2.6 U 

2.6 U 2.68.  U 	::: 
i 	ti  2.5 

2.:6 li 

2.5 U 2.6 U 2.6 U 5u 2.5 U 

2.6 Li :2.6 LI 2.6 u:  : 2.6 U 2.9 y:  

71.7 68.4 91.1 8.53 3.92 

:2:5: 0 ::::: 	i'' 	i  '''' 3:1.   2.5 U ; 2.6. U;  2,5 U 

167 140 219 12.9 8.97 

43::2 	' ''' ' 42.1 :48,8 1: U 
1U 2.95 1U 1U 1U 

884: 118 :: 37.9 24.7 . 

676 523 768 110 71.6 

0.73 : : *76 • 0: i y :t. ti ii: 
27.8 32.1 20 1 U 1 U 

37:8 :::: 	: : 67.3 :-.:: :74:6: : 34 12: 

168 139 217 12.7 7.7 

ii. 	: .. 5• :80.1: • : 	.: 3:1: 	: 2.1 	.: 

16.9 

f :V 
1U 

• 70 1 

227 

t u : 
4.3 

3 4 

21.4 

... 6.4 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit --=Not analyzed 

For RCL DIOX Limit 2 is used for results comparison 



07 	 INL073 

:WL07217.1121. 	'WL073D1 •  

13/98 	12/13/98 

Primary 

COMPREHENSIVE DIOXIN/FURAN RESULTS 
PHASE V AND VI 

SWAMP DELINEATION SAMPLING 
NCBC GULFPORT, MS. 

Page: 1B 

Ys?1.974!: 	WL075:.. . 	..... 	.... 	. 	. 
WL0740.1111•.- * • -WL0760.1P1 

121131.80:. 	:12/13188- 

0.60: :::* . 	• : 0„60::.:‘•  .• ' 

Primary  

i•:WL078 .* 	VVL077:: • 

:WLQ77D,11!1:...  

 
• 

• Primary ....... 

2,3,7,8-TCDD 1.8 6.39 6.47 6.02 1 U 
l*2;3470:8'Pe 1 t1 U 1 u 1 1U 
1,2,3,4,7,8-HxCDD 2.6 U 2.6 U 2.6 U 2.5 U 2.6 U 
1.2,3,6,7,8. 	cop 

2,6 U 4.14 3.55 3.77 Z61.,  
1,2,3,7,8,9-HxCDD 21.2 11.8 8.18 12.7 5.37 
1,2,3A,6,7,8*HpCD0 110 118  90.5 123 
1,2,3,4,6,7,8,9-0CDD 986 1160 936 1230 260 
243,7,8-TCOF 1.32 1U .08 

1,2,3,7,8-PeCDF 1U 1U 1U 1U 1U 
2.3447,11•PeCDF 1U 
1,2,3,4,7,8-HxCDF 2.6 U 2.6 U 2.6 U 2.6 U 2.6 U 

,5 U. ::•••*: / 6 U U 2,6 U 2480 

2,3,4,6,7,8-HxCDF 2.6 U 2.6 U 2.6 U 2.6 U 2.7 

1,2,3,7,8,9-Hx0 	 6:U 2.5  U 2,5 U: 

1,2,3,4,6,7,8-HpCDF 7.1 19.4 16.3 16.9 3.24 

1443,4,7.8/0-HP 2,5 U 2.6 U 2,5 U 

1,2,3,4,6,7,8,9-0CDF 13.4 42 33.6 38.6 6.61 

:14• • 

Total PeCDD 1U 6.6 2.6 6.3 1 U 

."1"Otel 	 
: . 	.. . : . 

Total HpCDD 166 207 160 220 60.7 

***" 1,4 • 3.6 
Total PeCDF 2.3 7.6 1 U 1U 1U 

• .17 	• 19,6 2.5 

Total HpCDF 13.8 41.8 34.9 38.6 6.31 

fist4ii:FrEQ • * 10.6 8.7 1 
Values represent total concentrations unless noted < -Not detected at indicated reporting limit -=Not analyzed 

2.49 
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2.6 U 

• . 48..y * 
6.61 
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604 
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** *1:U' 
2.6 U 

2.5 U 

. 

8.74 

2.5'U . 

18.3 J 

2,4P 

1U 

..6.08 • 

100 

1 U 

2.37 

18.6 

'3.7... 

For RCL DiCilkimit 2 is used for results comparison 
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2,3,7,8-TCDD 3.29 
1,2;3•47;.8pectsp.  

2.6 U 

2;6 U 
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1.04;8;041)SPDF-::: 

1,2,3,4,6,7,8-HpCDF 

1,2,3,4,6,7,8,9-0CDF 
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7.46 
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PHASE V AND VI 

SWAMP DELINEATION SAMPLING 

NCBC GULFPORT, MS. 

r/L977 ::;:.':-• 	... 

:..:VVL077410i.::: 

•1141.:18/9  

00 
. iilifiilicafe 1 

. WL07801P1 79D1P1 ;:WL9 
W1.078.-.•::•:" 	•  WI.079:* ' 	 VilL880, 	. 	vvi.oel  	WL002 • 

• ... 	: 100001i..... 	1/4408161P1E......• :•1141.982011>.1 
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• 0.50 	:.•.*:pso 	 0.50 •. • 	0.60- • 	9,60 	.. 
Primary. 	*.s. Primary 	" Primary - 	Primary 	• 	14411arY • 

. 	. 	...... 

12.5 8.7 3.85 2.72 2.06 
.1.93* 1 LI 	 1 U u I U 
2.5 U 2.5 U 2.5 U 2.6 U 2.5 U 
6,06 3,49 1.5 U 2.5 2.5 U 
11.9 13.1 	 6.33 7.48 3.18 

-.139 107 	 68,9 58,4 34.6 
1270 1110 	 832 556 430 

- 1U 1U  1U 

1U 1U 1U 1U 1U 
U 1.0 1U.  1 U 1U 

2.5 U 2.5 U 2.6 U 2.6 U 2.5 U 
'.i.2.6.0 2.6 2.6U 2.6 U 2.6 U 

2.6 U 2.6 U 2.6 U 2.5 U 2.6 U 

2.5 U 	•• •*.:. 2.6 U 2.6 •U 2.5u 2.8 Li 

27.3 12.8 11.9 7.81 7.76 

2.611 2.5 U 2.6 U 2.5 

88.9 38 19.7 13.1 12.4 

8.. 3.06 2,72 2.06 

5.81 1U 3.1 1U 1U 

22,5 a 	 12.8 
288 207 130 101 73.8 

1 V 1 

18.6 3.93 4.62 2.5 1U 

8.78 3,68 3.37 

67 27.3 2.6 U 14.7 14.6 

5.9 4,6 3.2 
Values represent total concentrations unless noted < =Not detected at indicated reporting limit -= Not analyzed 

For RCL DIOX Limit 2 is used for results comparison 
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PHASE V AND VI 

SWAMP DELINEATION SAMPLING 
NCBC GULFPORT, MS. 

. :. .... '*:arrE.::::::..:   WL083'. 	• Y..0..k.9.84 085: ..--.• 	 WL986 	• WL087 	WL082:.... 
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• -%. 
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HAfty 	.0.00.::.:, 	 :0o. 	 -Coo: .. • 	 a . 	• • 0.50 i 

.03/19 	 -031.1t6i . .... 	..:•••03ii9 .:••••" 	 ' - OvIer$9••  	:-::03/19/9. .. 	0a091i9.:  ... ... 

2,3,7,8-TCDD 24.2 1 u 1U 1 U 6.14 4.71 
1: 1U 1 U 1.0 

1,2,3,4,7,8-HxCDD 2.7 2.5 u 2.6 U 2.6 U 2.6 U 2.5 U 

140f44;.8**cb... 6;62:'.:; 2;5. U 	• 2,6 U 3.54 3.51 
1,2,3,7,8,9-HxCDD 16.2 2.5 U 6.74 4.44 11.4 12.3 
1;;I,3:4;e:i7;84.Hoppo 1  OP' " , • 12.2 	• * 22.7 88.1 98 
1,2,3,4,6,7,8,9-0CDD 1760 144 298 210 918 1060 
Z307.;84POF 1 	1..1 	.. 	. 1 U. 1U 1.48 1.43 
1,2,3,7,8-PeCDF 1U 1U 1U 1U 1U 1U 

V. ::. •• .1 V U.  1U 
1,2,3,4,7,8-HxCDF 2.6 U 2.6 U 2.6 U 2.5 U 2.6 U 2.5 U 

:::•• ii:•::::::::::::::: . 	...5 .... 2,5 U. 25:U 2.5 U 

2,3,4,6,7,8-HxCDF 2.6 U 2.6 U 2.6 U 2.6 U 2.5 U 2.5 U 

:14,3;'7;8;971-1XCDP.::, 2;5:U 2,6 U 2,6 U 2.6 U 2.6 U 

1,2,3,4,6,7,8-HpCDF 31.1 2.6 U 3.66 2.5 U 16 12.4 

IAA  713 iiLHOC 2.5 U -:• • 2.6 LI! 2.5 U 2 5 U 

1,2,3,4,6,7,8,9-OCDF 96.6 6 U 5.32 6U 26 22.7 

001;:TC s'• 	 .2;n1 • `1:0 13.14  4-71  
Total PeCDD 7.88 1U 1U 1U 3.22 1U 

:Toter HXCD 2.6U • 13.1  	41.7  40.9  
Total HpCDD 311 28 50.2 37.3 167 161 

3.01 .:1 	q•-: .- 16.1 4,2 2.5 

Total PeCDF 8.28 U 1.11 11.2 6.62 2.23 

23;5 2.5 U 2.5. U 	  	2.5 U 10.8 9.71 

Total HpCDF 70.4 2.5 U 7.15 2.6 U 30.7 26.2 

0.3 9,3 8.4 

Values represent total concentrations unless noted < =Not detected at indicated reporting limit -=Not analyzed 

For RCL Di 	imit 2 is used for results comparison 
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GLOSSARY 

ABB-ES 	 ABB Environmental Services, Inc. 

GPS 	 global positioning system 

HO 	 herbicide orange 

msl 	 mean sea level 

ppt 	 parts per trillion 

TCDD 	 tetrachlorodibenzo-p-dioxin 
TEQ 	 toxicity equivalent 
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